ABSTRACT The prognosis of patients diagnosed with pancreatic adenocarcinoma remains dismal. Of the 15-20 % of patients who are candidates for potentially curative resection, 66-92 % will develop recurrent disease. Although guidelines for surveillance in the postoperative setting exist, they are not evidence based, and there is wide variability of strategies utilized. Current surveillance guidelines as suggested by the National Comprehensive Cancer Network (NCCN) include routine history and physical, measurement of serum cancer-associated antigen 19-9 (CA19-9) levels, and computed tomographic imaging at 3-to 6-month intervals for the first 2 years, and annually thereafter. However, the lack of prospective clinical data examining the efficacy of different surveillance strategies has led to a variability of the intensity of follow-up and a lack of consensus on its necessity and efficacy. Recent therapeutic advances may have the potential to significantly alter survival after recurrence, but a careful consideration of current surveillance strategies should be undertaken to optimize existing approaches in the face of high recurrence and low survival rates.
Pancreatic cancer is the fourth leading cause of cancerrelated death in the United States. 1 The 5-year survival rate for all patients diagnosed with pancreatic adenocarcinoma (PDAC) remains at approximately 5 % and has not changed in the last three decades. 2 Of all patients diagnosed with PDAC, nearly 85 % will present with advanced disease and are not candidates for surgical resection. Even the remaining 15-20 % of patients who undergo potentially curative resection face a 66-92 % risk of recurrence within 2 years of resection, and the long-term prognosis for these patients remains bleak. 3, 4 Despite the poor long-term survival and extremely high risk of recurrence, no evidence-based guidelines for surveillance of these patients after resection exist. Careful follow-up of patients after surgical resection, although common, presumes that that there are effective therapeutic options to utilize should the disease recur. Follow-up, then, should therefore be considered in the context of its ability to improve survival outcomes after recurrence. Furthermore, follow-up recommendations should be designed in such a way that reflects our current understanding of the patterns of recurrence. Current guidelines from the National Comprehensive Cancer Network (NCCN) and the European Society of Medical Oncology (ESMO), however, rely on low-level evidence and expert opinion, so there is no clear consensus on the appropriate method of surveillance after surgical resection.
In this review we will examine the existing evidence in order to identify effective approaches for surveillance in patients with PDAC after surgical resection. Among the factors to consider are the appropriate use of imaging and laboratory testing of tumor markers, balanced against the performance status and risk for recurrence in the individual patient. Additionally, it is worthwhile to consider these practices in the context of their cost, both monetary and emotional, compared to the potential survival benefit, as currently there is no clear evidence that intensive follow-up improves survival in PDAC.
RECURRENCE RISK AND THERAPEUTIC STRATEGIES
Five-year survival after surgical resection of PDAC is 18-27 % and correlates with resection margin status (R0 vs. R1) and lymph node metastases. [5] [6] [7] [8] [9] [10] The rate of R1 resections has been reported to range from as low as 18 % to as high as 85 %. 11 This is important because resection margin status is a critical factor in determining the risk of recurrence. The majority of recurrences occur within 2 years after resection and can be locoregional and/or to distant sites, including the liver, lung, or peritoneal cavity. 12 A rapid autopsy series of patients with known PDAC found up to 30 % died with locally destructive disease with no evidence of distant metastasis, while 70 % died with widespread metastatic disease. 13 For the last two decades, the primary treatment for PDAC recurrence has been palliative gemcitabine therapy. In the initial study that established gemcitabine treatment for advanced PDAC, gemcitabine improved survival by 1 month compared with 5-fluorouracil (5-FU). Furthermore, patients treated with gemcitabine tolerated the treatment without significant toxicity and had improved clinical benefit-a composite of measures for pain, Karnofsky performance status, and weight (23.8 vs. 4.8 %, P = 0.0022). 14 The improvement in clinical benefit response is important, especially in symptomatic patients, as most chemotherapeutic regimens are associated with significant side effects.
Recently, promising results have been seen with newer regimens including 5-FU, irinotecan, and oxaliplatin (FOLFIRINOX) and gemcitabine plus nab-paclitaxel. [15] [16] [17] FOLFIRINOX therapy improved overall survival (OS) of patients with metastatic PDAC by 4.7 months (11.1 vs. 6.4 months, P \ 0.001) compared with gemcitabine therapy alone. Very recently, the combination of nab-paclitaxel and gemcitabine was demonstrated to improve OS by 1.8 months (8.5 vs. 6.7 months, P \ 0.001) compared with gemcitabine alone in a phase III clinical trial. 7, 15 Despite these therapeutic advances in terms of survival rates, many patients will not be able to tolerate these potent regimens because of their significant toxicity. In both of these trials, incidence of neutropenia, thrombocytopenia, and sensory neuropathy were significantly higher in the nongemcitabine treatment group. Clinicians and patients will have to balance the risk of these side effects against the significant but limited benefit offered by these regimens. Furthermore, it remains unknown if starting treatment in patients with advanced disease would be as beneficial when patients become symptomatic, as opposed to initiating therapy at the time of diagnosis of recurrent disease.
Although many patients experience recurrence with metastatic disease, a subset of patients manifest isolated local recurrence. It has been suggested that these patients have a longer median survival if their disease is amenable to repeat resection (26.0 vs. 10.8 months, P = 0.0104). 18 The benefit of adjuvant chemoradiotherapy (CRT) for local recurrence remains controversial. Wilkowski et al. 19 examined the efficacy of CRT in 18 patients with isolated local recurrence. Patients were treated with 45 Gy in 25 sessions of 1.8 Gy/day with simultaneous chemotherapy with 5-FU, 5-FU and gemcitabine, or 5-FU, gemcitabine, and cisplatin. Median survival from initiation of CRT was 17.5 months, and 12 of 18 patients had evidence of complete (37.5 %) or partial (37.5 %) remission, as evidenced by computed tomographic (CT) surveillance, although seven patients developed local tumor progression and 11 patients developed distant metastases (median progressionfree survival, 14.7 and 11.0 months, respectively).
Habermehl et al. 20 recently conducted a retrospective analysis of 41 patients treated with CRT, repeat resection, and/or intraoperative radiotherapy for recurrent PDAC. They found that when repeat resection was feasible, median OS increased from 16.1 to 28.3 months after the initiation of CRT, although this was only possible in 15 % of patients. In addition, patients who received intraoperative radiotherapy had a significantly improved median OS versus those who did not (P = 0.034).
These studies suggest that CRT after local recurrence of PDAC is a feasible strategy; the survival time from the diagnosis of recurrent or metastatic disease is comparable to that of patients with unresectable disease, and the toxicity appears to be limited. An aggressive approach, however, may not benefit all patients, and it remains unclear whether CRT is beneficial in all patients with recurrent PDAC. These data are form a small, select group of patients, and data from larger randomized trials is lacking. Other palliative interventions, such as celiac plexus block, have been demonstrated to have a survival benefit similar to gemcitabine. 21, 22 In addition, biliary decompression and pain control also offer significant quality-of-life improvement.
CURRENT SURVEILLANCE STRATEGIES
The primary goal of surveillance after surgical resection is the timely detection of cancer recurrence-either local or distant-in order to offer patients further treatment options in the hope of curative intervention or at least improved survival. Additionally, surveillance presents an opportunity for the clinician to reassure a patient who may be consumed with a fear of cancer recurrence, which can be associated with anxiety, depression, a lower quality of life, and a higher degree of cancer-related symptoms. 23 Surveillance also allows for the introduction of noncurative palliative therapy to slow disease progression and prolong life in patients able to tolerate it, or the initiation of early hospice care when therapy would not be tolerated or is not indicated.
Current guidelines by NCCN and ESMO are the only tools that physicians and patients currently have to balance a high recurrence risk and aggressive treatment regimens in the face of minimal benefit ( Table 1 ). The NCCN guidelines for follow-up after resection for PDAC are based on expert opinion and recommend a history and physical examination every 3-6 months for 2 years. 24 Additionally, serum cancer-associated antigen 19-9 (CA19-9) levels and CT scan of the abdomen and pelvis are suggested at the same time intervals, but this recommendation is based on nonuniform expert opinion. After the initial 2 years, these tests are recommended annually. The ESMO guidelines are based on the fact that there is no possibility for cure in the setting of local recurrence or metastasis, even if detected early, so the surveillance plan is recommended to be individualized to the patient in order to minimize emotional stress and economic burdens. 25 Additionally, if CA19-9 levels were elevated preoperatively, then the ESMO guidelines suggest measuring CA19-9 every 3 months for 2 years in addition to repeat CT scans of the abdomen and pelvis every 6 months.
These guidelines rely on expert opinion and low-level evidence because no studies have compared high-versus low-intensity surveillance in patients after surgical resection for PDAC. As a consequence, there is a wide variation in practice patterns between individuals and institutions. 26 Additionally, there are few published studies regarding the cost-effectiveness of these approaches. Tzeng et al. 27 have attempted to analyze the cost-effectiveness of postoperative surveillance through comparison of five different surveillance strategies: no scheduled surveillance, limited surveillance (routine clinical evaluation and CA19-9 levels with imaging triggered by symptoms) at 3-or 6-month intervals, and intensive surveillance (limited surveillance with routine CT scans and chest X-rays) at 3-or 6-month intervals. Utilizing a probabilistic model with data from 254 patients, the authors found that increasing the frequency and intensity of surveillance after operation increased cost substantially while offering no clinically significant survival benefit. On the basis of this analysis, the authors concluded that increasing the intensity of postoperative surveillance after curative resection beyond CA19-9 testing and clinical evaluation did not confer a significant survival benefit but did increase cost.
TUMOR MARKER SURVEILLANCE
The only biomarker used routinely in the surveillance of PDAC is CA19-9, a sialylated Lewis antigen originally identified in a colorectal carcinoma cell line. 28, 29 Expression of CA19-9 is dependent on the presence of Lewis blood group antigens; however, 5-10 % of white patients do not express CA19-9 as a result of a deficiency of fucosyltransferases that are necessary for the synthesis of the Lewis antigen. [30] [31] [32] Expression is not limited to PDAC, however, and other conditions, such as hyperbilirubinemia, cirrhosis, cholangitis, and other malignancies, may lead to elevated levels.
Although CA19-9 has never been demonstrated to be effective as a screening test for PDAC as a result of its low positive predictive values (0.5-0.9 %), it has been used as a prognostic marker before and after surgical resection. [33] [34] [35] Studies have demonstrated that CA19-9 is associated with a sensitivity of 70-90 % and specificity of 68-91 % for PDAC. 36, 37 Preoperative levels of C50 U/ml have been demonstrated to be predictive for recurrence after resection, while postoperative normalization of CA19-9 levels has been demonstrated to predict longer disease-free and median survival. 38, 39 Given the high sensitivity and specificity of this test in monitoring disease and predicting recurrence, some have recommended that levels be measured every 3-6 months after surgical resection. 24 In fact, CA19-9 elevations have been demonstrated to precede clinical or radiologic evidence of recurrence by 2-6 months. 40 Despite this early warning, an elevated CA19-9 level without corresponding clinical, radiologic, or pathologic findings cannot be used to initiate further treatment. 41 Taking these myriad factors together, Humphris et al. 42 advocated that CA19-9 assessment at clinically relevant time points has utility because serum levels and trends over time may alter therapeutic choices in the future.
RADIOLOGIC SURVEILLANCE
The standard modality for radiologic surveillance after surgical resection is abdominal CT scan. Although CT scans may detect locally recurrent or metastatic disease, guidelines for the optimal frequency and strategy are not evidence based. Current NCCN guidelines, on the basis of expert opinion, recommend CT imaging every 3-6 months for 2 years, then yearly afterward. A retrospective analysis of 43 demonstrated that although the median number of imaging studies doubled between 1991 and 2005 (from three to six), there was no associated survival benefit in patients who underwent routine annual imaging within 5 years of resection.
Another analysis of SEER-Medicare data provides a comprehensive look at patterns of imaging after resection. Sheffield et al. analyzed postresection imaging patterns in 2,045 patients and demonstrated that CT scan utilization went from 20.9 % at initial follow-up (month 4) to 6.7 % by month 27, with no identifiable temporal pattern to suggest a routine, standardized method of surveillance. 26 Patients who received adjuvant therapy were more likely to undergo CT imaging during the course of their surveillance, as were patients who were treated in the later time period (2000-2005 vs. 1992-1999) . Although this study demonstrated a wide variance in the utilization of imaging between patients, it was not able to differentiate routine surveillance versus diagnostic imaging.
One question not addressed by the previous studies is how imaging may affect diagnosis of recurrence. Tzeng et al. identified 216 patients (66.1 %) who developed postoperative recurrence during the course of a surveillance regimen that consisted of physical examination, CA19-9 measurement, chest radiograph, and abdominal CT scan every 3-4 months during the first 2 years after surgery, every 6 months until 5 years after surgery, and then annually thereafter. 44 They found that although median time to recurrence was not different between patients with symptomatic versus asymptomatic recurrence, survival in symptomatic patients was significantly decreased (5.1 vs. 13.0 months; P \ 0.001). In this cohort, asymptomatic patients had a better overall performance status and lower median CA19-9 levels, and they were much more likely to receive treatment after recurrence was identified. A significant point of this study was the demonstration that a regularly scheduled surveillance regimen was able to detect asymptomatic recurrence in 54.6 % of patients, with the highest yield occurring in the first 2 years.
Another retrospective study examined outcomes in 139 patients who underwent resection for PDAC in a single tertiary referral center. 45 The surveillance regimen consisted of abdominal CT scan and serum CA19-9 level every 3 months for the first year, every 6 months for the second year, and annually thereafter. This study examined survival in groups stratified by postoperative surveillance regimen: those who followed up as recommended (14 %), those who followed up but not as recommended (59 %), and those who opted not to undergo any follow-up (27 %). The proportion of patients who opted for treatment of recurrent disease was similar in each group. The median survival of the groups was 16.6, 15.7, and 8.7 months, respectively.
Although the authors suggest that more intensive follow-up may be associated with improved OS, this study was retrospective, limited in number, and from a single institution. There is thus an indication that routine follow-up may result in improved survival outcomes; however, no data clearly support this claim, and prospective trials are needed to clarify this potential benefit.
SUMMARY
Surveillance strategies for PDAC must take into account its high recurrence and low survival rates in the setting of limited therapeutic options for improved outcomes. Current guidelines for follow-up after surgical resection do not offer an evidence-based framework; therefore, strategies that are based on expert opinion remain the only approach. Although recent therapeutic advances have demonstrated the potential to improve survival in patients with metastatic PDAC, factors such as quality of life associated with treatment side effects, as well as the cost, both monetary and emotional, compared to the potential survival benefit, must also be accounted for.
The efficacy of treating clinically occult disease versus symptomatic disease remains unclear at this time. Additional prospective data will be required before it can be determined if postoperative imaging is warranted only in symptomatic patients. Prospective clinical data are also needed to identify the optimal surveillance strategy in the context of cost-effectiveness of improved survival and quality-of-life benefit. At present, the evidence, or lack thereof, would support a surveillance regimen along the lines of the ESMO guidelines until clear evidence emerges of the benefit of more intensive surveillance.
